Abstract. Fe ii lines are of great importance in analyses of stars and nebulae, not only for abundance studies, but also for diagnostics of the plasma conditions and derivation of physical properties such as temperature, electron density and radiation field.
Introduction
In spectroscopic studies of astrophysical objects iron is an important tracer, and its relatively high cosmic abundance and complex atomic structure result in many spectral lines. Iron is often used as a probe of metal abundance in distant objects, such as quasars and Active Galactic Nuclei (AGNs). Many stars and nebulae have representative temperatures around 10 000 K, and for this temperature the favoured ionization stage is singly-ionized iron, Fe + , whose spectrum is denoted Fe ii. The lines of Fe ii are thus of great importance in analyses of stars and nebulae. The numerous iron lines are modeled to derive iron abundances for these objects, and for diagnostics of the plasma conditions. For example, temperature, densities, kinematics of the atoms and the radiation field are derived using these lines. The Fe ii lines from the ground state are important tracers of the interstellar medium (ISM), in which absorption from only the very lowest states is observed.
Fluorescence lines can be used to probe active plasma regions. Since these lines are optically thin, they offer more possibilities for plasma diagnostics than most other lines, which in general are low-excitation lines and therefore optically thick. To model the radiative pumping process, a number of atomic parameters need to be known, among them the transition rates (A-values) or The present project aims at measuring the intrinsic line strengths for these transitions by letting the synchrotron light pass through a plasma hosting the ions. When proved successful this technique will enable us to measure a wealth of lines important for several astrophysical applications.
Experimental setup
We have used the synchrotron light at beam line 52 on MAX-I as a background source and studied the absorption from iron atoms. The plasma responsible for the absorption is produced in a hollow-cathode (HC) discharge, which is run with neon as carrier gas. The electronic transitions in iron produce absorption lines in the synchrotron spectrum. Comparisons of different absorption lines from a common lower level give the relative strengths, and they are put on an absolute scale by using known reference lines. A similar technique has been used by Weise et al. (2002) [1] to measure a few ground-state Fe ii lines.
The first runs were performed using a setup originally designed for measurements of N 2 O [2] . A HC, needed to produce iron ions in the vapor phase, replaced the gas cell. The difference between measuring a gas at room temperature and the absorption by plasma required a modification of the setup. Unlike the gas cell, the HC is also a source of strong line emission, which is far stronger than the synchrotron light studied. This light is removed by chopping the synchrotron light with a frequency of 1000 Hz. The signal from the photomultiplier tube (PMT) and the chopping Resolution test of the monochromator using molecular oxygen lines. The two curves correspond to slit widths of 50 µm (blue) and 100 µm (red), respectively, and give a resolution of a few times 10 3 . frequency are fed into a Lock-In amplifier to extract the absorption signal in the synchrotron light. The setup is shown in Fig. 1 .
The HC discharge, when run at medium current, produces primarily neutral atoms and singlyionized ions. To test the setup and the technique, we chose the Fe i resonance line at 216.74 nm, which is expected to be one of the strongest lines in the region, but produces a rather weak signal due to the limited spectral resolution. The resolution of the monochromator and the setup was tested using the Schumann-Runge bands of oxygen (O 2 ) around 190 nm (see Fig. 2 ). Since the Fe i absorption is expected to be very weak, the ability to measure the molecular absorption was crucial not only for performance test and optimization, but also for wavelength calibration. The non-evacuated path between the exit window and the detector produced the oxygen absorption. As can be seen in Fig. 3 , the resolving power of the monochromator at beam line 52 is a few thousands, when using the smallest practical slit width of 50 µm.
Results from low resolution runs at MAX-I beamline 52
The intrinsic width of the atomic absorption lines in the HC is set by the thermal Doppler width for a temperature of 500 -1000 K. For iron atoms, this corresponds to a relative width of ∆λ/λ ∼ 3 · 10 −6 (or if inverted, λ/∆λ ∼ 3 · 10 5 ). Thus, there is a difference of a factor of 100 between the intrinsic line width and the instrumental line width. Hence, a fully saturated absorption line in the HC lamp would be, after being smeared out by the instrument profile, seen as a 1% absorption in the observed spectrum. This is in agreement with the absorption seen in Fig. 4 showing the Fe i line, 3d 5 4s 2 a 5 D 4 -3d 5 4s( 4 P)4p w 5 P 3 , which originates from the ground state and should be one of the strongest lines. The successful detection of the Fe i line shows that the setup works with a HC source, and that the synchrotron light can be separated from the HC cathode emission, which is several orders of magnitude stronger. The intrinsic HC emission is not modulated by the chopper and therefore filtered away by the Lock-In amplifier. The narrow-band synchrotron light is much fainter than the broad-band HC light, and the variation in the latter significantly increases the noise level. In Fig. 5 the noise level is plotted with and without the HC running.
High-resolution setup
The initial runs on beam line 52 on MAX-I show that the setup is working and that it is possible to detect the absorption in the HC discharge and filter out the intrinsic emission by chopping the light beam. As a next step we intend to use the 6 m normal incidence monochromator (NIM) at MAX-III, which will be installed during 2008.
This new beam line is mounted after an undulator, giving an increased brilliance and allowing for a high-resolution monochromator. The much higher resolving power (R∼10 5 ) would be of the same order as the intrinsic line width for the ions in the discharge, which will overcome the problem of the observed absorption signal being weak (as discussed above). This, along with the higher intensity, allows us to measure more accurately and to access weaker and higher excitation lines. The better geometrical properties of the beam and an improved experimental setup using a low-resolution monochromator as filter between the light source and the PMT allow us to remove much of the HC light. Since the emission from the HC is the major noise source and also increases with increased current through the discharge, we expect to suppress the noise level as well. The best way to improve the detection (i.e. lower the noise level) is to decrease the amount of HC light hitting the detector. The higher resolution and improved sensitivity will also allow us to measure weaker lines.
